Background: Most animal species remain to be discovered. We recently proposed to tackle this 3
INTRODUCTION 26
Most life on earth has yet to be discovered with an estimated 80% of extant species being still 27 unknown to science [1] . The majority of these species belong to hyper-diverse and species-rich 28 invertebrate clades. These taxa are ubiquitous, contain most of the multicellular animal species, 29 and often occur in great abundance. However, new species are difficult to find and delimit for 30 because it requires the study of thousands of specimens. Typically, this process starts with 31 sampling specimens with bulk trapping methods (e.g. Malaise trap, fogging, pitfall traps, flight 32 intercept traps). It usually yields thousands of specimens per site that need to be sorted: first to 33 higher-level taxonomic groups by parataxonomists and then to species-level by taxonomic 34 experts. The latter work has to be carried out by taxonomic experts because species-level sorting 35
by parataxonomists tends to yield unreliable results [2] . Once morpho-species have been 36 obtained, they are then often tested via DNA barcodes (658 bp fragment of COI) by sequencing 37 a few representative specimens for each morpho-species [3] . This traditional workflow works well 38 for taxa with small numbers of species and specimens but is so time-consuming for hyperdiverse 39 and abundant clades that they are neglected. This is partially responsible for our lack of baseline 40 data for many insect taxa. The traditional workflow has the additional downside that 41 morphologically cryptic species are overlooked. This is particularly likely to happen when 42 expensive Sanger sequencing is used because only few specimens can be barcoded and the 43 probability of detecting cryptic species is low [4] . 44
45
An alternative approach to species discovery is the 'reverse workflow' where every specimen in 46 a sample is individually sequenced (or barcoded) without the destruction of the specimen [4] [5] [6] . 47 increase for set 1: 898,979 vs. 787,239 reads; 9% increase for set 2: 647,152 vs. 593,131 reads) 154 and faster demultiplexing (10X using 4 cores: demultiplexing in 9 min vs 87 min for one of the 155
datasets). 156
Demultiplexing of all data and preliminary barcode calling revealed 3,797 and 3,476 MAFFT 157 barcodes with >=5X coverage and <1% ambiguous bases. These barcodes were subject to 158 correction using RACON [23] which yielded the same number of barcodes. When the barcodes 159 for the two sets of samples were combined, we overall obtained 7,220 MAFFT and RACON 160 barcodes. These preliminary barcodes still contain indel and substitution errors that were 161 addressed with an amino-acid correction pipeline that was first implemented in Srivathsan et al. 162 [13] . It yielded 7, 178 MAFFT+AA and 7, 194 RACON+AA barcodes. Some barcodes were not 163 retained because this pipeline rejects barcodes that have five or more consecutive indel errors. 164
Finally, the two sets of corrected barcodes were consolidated. This yielded a set of 7,115 165 consolidated barcodes. We rejected barcodes where the alignment of MAFFT+AA and 166 RACON+AA barcodes required the insertion of indels, as the +AA barcodes are expected to be 167 indel-free. Such indels in the alignments of MAFFT+AA and RACON+AA barcodes also indicate 168 discrepancies between MAFFT and RACON barcode estimates and there is no objective reason 169 to prefer one barcode over the other. The overall barcoding success rate was thus 81.9% (7,115 170 barcodes for 8,699 specimens). This was close to the expected 80.7% success rate based on gel 171 electrophoresis; i.e., MinION sequencing consistently produced sequence data for successfully 172 amplified products. A subsequent contamination check via BLAST revealed that of the 7,115 173 barcodes, 53 barcodes were unlikely to pertain to phorid flies (<1%) and we thus retained 7,062 174 barcodes for species richness estimation. Lastly, we inspected the reads obtained for the 92 175 negative controls (1 per microplate). Five negatives yielded MAFFT barcodes. Four of these had 176 a >97% match to non-phorids (two humans, one fish, one mollusc) and were eliminated. One low 177 coverage (13X) negative survived all filters and matched phorid COI. It was removed afterascertaining that it did not impact the accuracy of the barcodes in the plate. This could be tested 179 by comparing the MinION barcodes for the plate with Illumina barcodes obtained from different 180 PCR products for the same DNA extraction plate (see below). 181
Accuracy and selection of barcode sets 182
To find the best strategy for obtaining accurate barcodes, we compared 5 sets of barcodes 183 (MAFFT, RACON, MAFFT+AA, RACON+AA, and consolidated barcodes) with the corresponding 184 barcodes based on Illumina sequencing. Illumina barcodes were obtained for 6,373 specimens 185 for the same specimens using different primers that amplified a 313 bp subset of the full-length 186 barcodes. The comparisons showed that the uncorrected MAFFT and RACON barcodes had an 187 accuracy of 99.61% and 99.51% (Table 2) . Correction of these barcodes using the amino-acid 188 correction pipeline improved the accuracy considerably (>99.9% in all cases). The barcodes were 189 corrected after testing several "namino" parameters. Overall, namino=2 was found to yield the 190 most accurate barcodes, and minimized the number of inaccurate barcodes. We found that 191 MAFFT+AA barcodes were more accurate than RACON+AA barcodes, but MAFFT+AA barcodes 192 contained a much higher number of ambiguous nucleotides (Fig. 3) . When RACON+AA and 193 MAFFT+AA barcodes were consolidated, the resulting "consolidated barcodes" were found to be 194 highly accurate (99.99%) and contained few ambiguous bases (median = 0.3 %). 195
We furthermore compared the mOTU richness estimated by the different barcode sets. mOTU 196 richness was very similar across MinION and Illumina barcodes for the consolidated and 197 uncorrected MAFFT/RACON barcodes. MAFFT+AA barcodes performed well in this comparison, 198 but yielded fewer mOTUs than Illumina barcodes: this may be due to a higher proportion of 199 ambiguous nucleotides (Fig. 3) . However, comparison of mOTU richness alone does not imply 200 the same specimens were grouped into mOTUs across MinION and Illumina barcode sets. We 201 thus also calculated the match ratio for the datasets (3% clustering threshold). We found that all 202 five barcode sets (MAFFT, RACON, MAFFT+AA, RACON+AA, and consolidated barcodes, accuracy, estimated mOTU diversity, match ratios, and yield high-quality alignments. 212
Species richness estimation 213
We thus proceeded to characterize the diversity of the phorid flies collected from the Malaise traps 214 based on the consolidated barcodes (namino=2). We overall obtained a mean of 683 mOTUs 215 (2%: 728, 3%: 685, 4%: 636) when the thresholds were varied from 2-4%. Species accumulation 216
and Chao 1 curves for mOTUs at 3% were not found to have reached a plateau, but the shape of 217 the curves suggest an estimated diversity is >1000 species in a single site collected by one 218
Malaise trap (Fig. 4) . 219
Congruence with morphology 220
mOTUs are expected to be affected by mistakes caused by lab contamination and species 221 delimitation errors due to the biological properties of barcodes. We find that 6 of the 100 clusters 222 contained a single misplaced specimen and that there was one small cluster of four specimens 223 that appeared to consist of a mixture three morpho-species. This implies that 9 of the >1500 224 examined barcoded specimens were misplaced due to lab contamination. mOTUs based on 225 barcodes are expected to underestimate species for those that recently speciated and 226 overestimate species with deep splits [24] . This means that taxonomists working with mOTUs 227 should check for signs of lumping and splitting for closely related taxa. Our initial morphological 228 check of 100 randomly selected clusters (>1500 specimens) took ca. 30 hours. This preliminary 229 morphological screening covered all specimens while future studies could concentrate on 230 complex clusters, as any differences that may have occurred within 5% clusters were not 231 discernible without further preparations (dissection and slide mounting). Identifying these areas 232 of potential ambiguity is an advantage of this pipeline. It allows taxonomic experts to focus time 233 and energy on these complex clusters. 234
235

New Species Description 236 237
A primary aim of the reverse workflow is finding rare new species for description in bulk samples. 238
With specimens pre-sorted into mOTUs, morphologists have easy access to interesting and 239 potentially rare species that would otherwise remain undiscovered. While examining the 100 240 mOTUs, eight specimens were found to belong to a distinctive new species of Megaselia. This 241 species provided a good opportunity to demonstrate how the reverse workflow aids in species 242 discovery because a mOTU-specific haplotype network informed on which specimens should be 243 studied with morphology. The species is here described, and the description incorporates the 244 molecular data. In an effort to continue reducing redundancy and ambiguity in species descriptions, the 252 description of this species has excluded the character This species is unmistakable even within the gargantuan and taxonomically difficult 261 genus Megaselia. The semi-circular expansion with modified peg-like setae on the forefemur is 262 unique among described members of the genus (Fig. 5, b) . Similarly, the severe constriction of 263 the hind tibia basally is diagnostic ( suspect that this partially due to improvements in MinION sequencing chemistry and base-calling, 317 but our new bioinformatics pipeline also helps because it increases coverage for the amplicons. 318
These findings are welcome news because 1D library preparations are much simpler than the 319 library preps for 1D 2 . In addition, 1D 2 reads are currently less suitable for amplicon sequencing 320 (https://store.nanoporetech.com/kits-250/1d-sequencing-kit.html) [29] . 321
322
We tested a range of different techniques for obtaining barcodes from 1D reads. Some techniques 323 are computationally more expensive than others which raises the question of which bioinformatics 324 pipeline should be used for obtaining accurate barcodes. Based on the current performance of 325 MinION, we would recommend the usage of the "consolidated barcodes". for species discovery whenever a few thousand specimens have to be sorted to species (<5000). 342
Even larger-scale barcoding is probably still best tackled with Illumina short-read or PacBio's 343
Sequel sequencing [4, 5, 7] because the cost is lower and the quality of the reads is higher. 344
However, both require access to expensive sequencers, the sequencing has to be outsourced, 345 and the users usually have to wait for several weeks in order to obtain the data. This is not the 346 case for barcoding with MinION where most of the data are collected within 10 hours of 347 sequencing. Our proposed MinION pipeline has the additional advantage that it only requires 348 basic molecular lab equipment including thermocyclers, magnetic rack, Qubit and potentially a 349 server computer. The latter is only needed for base-calling and should be replaceable by a new 350 portable, custom-built computational device for base-calling ONT data ("MinIT") while 351 demultiplexing and barcode-calling only requires a regular laptop computer. Overall, these 352 requirements are minimal which means that fully functional barcoding labs can be established for 353 <USD 5,000. Arguably, the biggest operational issue may be access to a sufficiently large numberof thermocyclers given that a study of the scale described here involved amplifying PCR products 355 in 92 microplates (=92 PCR runs). 356
357
Our new workflow for large-scale species discovery is based on sequencing the amplicons in two 358 sequencing runs. The second sequencing run can re-use the flowcell that was used for the first 359 run. Two runs are desirable because it improves overall barcoding success rates. The first run is 360 used to identify those PCR products with "weak" signal (=low coverage). These weak products 361 can then be re-sequenced in the second run. This dual-run strategy is designed to overcome the 362 challenges related to sequencing large numbers of PCR products: the quality and quantity of DNA 363 extracts are poorly controlled and PCR efficiency varies considerably. Pooling of products ideally 364 requires normalization, but this is not practical when thousands of samples are handled. Instead, 365 one can use the real-time sequencing provided by MinION to determine coverage and then boost 366 the coverage of low-coverage products by preparing and re-sequencing a separate library that 367 contains only the low coverage samples. Given that library preparations only require <200 ng of 368 DNA, even a set of weak amplicons will yield a sufficient amount of DNA. 369 370
MinION sequencing and the "reverse workflow" 371 372
Based on our data, we would argue that MinION is now suitable for implementing the "reverse-373 workflow" where all specimens are sequenced first before mOTUs are assessed for morphological 374 consistency. This differs from the traditional workflow in that the latter requires sorting based on 375 morphology with only some morpho-species being subsequently tested via limited barcoding. We 376 would argue that the reverse-workflow is more suitable for handling species-and specimen-rich 377 clades because it requires less time than high-quality sorting based on morphology which often 378 involves genitalia preparations and slide-mounts. We would argue that expert sorting andidentification of material based on morphology is only very efficient for taxa where species-specific 380 morphological characters are easily accessible and the number of specimens is small. However, 381 most undiscovered and undescribed species are in poorly explored groups and regions where 382 specimen sorting and identification using the traditional techniques will be much slower. For 383 example, even if we assume that an expert can sort and identify 50 specimens of unknown phorids 384 per day, the reverse workflow pipeline would increase the species-level sorting rate by >10 times 385 (based on the extraction and PCR of six microplates per day). In addition, the sorting would be 386 carried out by lab personnel trained in amplicon sequencing while accurate morpho-species 387 sorting requires highly specialized taxonomic experts. Even such highly trained taxonomic experts 388 are often not able to match males and females of the same species (often one sex is ignored in 389 morphological sorting) while the matching of sexes and immatures is an automatic and desirable 390 byproduct of applying the reverse workflow [6] . 391
392
One key element of the reverse workflow is that vials with specimens that have haplotype 393 distances <5% are physically kept together. This helps when taxonomic experts scrutinize 394 mOTUs for congruence with morpho-species. Indeed, graphical representation of haplotype 395 relationships (e.g., haplotype networks) can be used to guide morphological re-examination as 396 illustrated in our description of Megaselia sepsioides (Fig. 7) . The eight specimens belonged to 397 seven haplotypes, the most distant haplotypes were dissected in order to test whether the data 398 are consistent with one or two species. Variations in setation were observed (Fig. 6 ) that were 399 deemed likely to be consistent with intraspecific variation. Note that the morphological 400 examination of clusters is straightforward because the use of QuickExtract for DNA extractions 401 ensures morphologically intact specimens. We predict that taxa that have been historically 402 ignored or understudied due to extreme abundance of common species and high species diversity 403 will now become more accessible because taxonomic experts can work on pre-sorted material 404 instead of thousands of unsorted specimens. 405 But how good is the correspondence between mOTUs and morpho-species. We checked 100 407 randomly chosen mOTUs for congruence with morphospecies. We find that 93% of clusters are 408 congruent, and over 99% of specimens (six of the seven cases of incongruence were single 409 specimens). This is in line with congruence levels that we observed for ants and odonates [4, 6] . 410
This means that MinION barcodes are not only reliable but also yield mOTUs that are largely 411 congruent with morphospecies. This also means they are suitable for characterizing even 412 complex and species-rich samples of hyper-diverse invertebrate clades. 413
414
Remarkably high diversity of Phoridae in Kibale National Park 415
It is astonishing that the barcodes obtained from a single site in Kibale National Park (Uganda) 416 revealed ca. 650 mOTUs of phorid flies. This diversity, obtained from one Malaise trap, contains 417 150% of the number of described phorid species (466) known from the entire Afrotropical region; 418 i.e., numerically at least 184 species must be new to the region or to science [14] . Note that the 419 barcoded specimens only represent 8 one-week samples between March 2010 and February 420 2011; i.e., forty-four samples obtained from the same Malaise trap remain un-sequenced. We 421 thus expect the diversity from this single site to eventually well exceed 1000 species (Fig. 4) . 422
423
The unexpectedly high species richness found in this study inspired us to muse about the species 424 diversity of phorids in the Afrotropical region. This is what Terry Erwin did when he famously 425 estimated a tropical arthropod fauna of 30 million species based on his explorations of beetle 426 diversity in Panama [30] . Such speculation is useful because raises new questions, inspires 427 follow-up research, and may be needed given that even with extensive sampling, the species 428 richness of diverse taxa can be remarkably difficult to estimate [31] . The Afrotropical region 429 comprises roughly 2000 squares of 100 km 2 size. In our study we only sampled a tiny area within 430 one of these squares and observed 650 species which are likely to represent a species 431 assemblage that exceeds >1000 species. This will only be a subset of the phorid fauna in the 432 area because many specialist species (e.g., termite inquilines) are not collected in Malaise traps. 433
Of course, the 1000 species are also only a subset of the species occurring in the remaining 434 habitats in the same 100 km 2 square which is likely to be home to several thousand species of 435 phorids. But let's only assume that on average each of the two-thousand 100 km 2 squares have 436 100 endemic phorid species. If so, the "endemic" phorids alone would contribute 200,000 species 437 of phorids to the Afrotropical fauna without even considering the contributions to species diversity 438 by the "normal" species turnover of the remaining species. These considerations make us believe 439 that it would be somewhat surprising if the Afrotropical region were to have fewer than half a 440 million species of phorids! Based on our sample from Kibale National Park, 90% of species and 441 specimens would belong to Megaselia as currently circumscribed. Could it be that there are 442 450,000 species of Afrotropical Megaselia? These guestimates would only be much lower if the 443 vast majority of phorid species had very wide distributions which we consider somewhat unlikely 444
given that the Afrotropical region covers a wide variety of climates and habitats. 445
446
As documented by our study, the bulk of phorid species are Megaselia. Based on the traditional 447 workflow, almost all these specimens would be relegated to unsorted Malaise trap residues for 448 decades or centuries. Indeed, there are thousands of vials labeled as "Phoridae" decorating the 449 shelves of all major museums worldwide. The traditional workflow is not able to keep pace with 450 the species numbers and abundance. This makes rapid species-level sorting with "NGS 451 barcodes" [4] so important. Biologists will finally be able to work on taxa that are so specimen-452 and species-rich that they were considered unworkable with the traditional techniques. MinION 453 barcodes will be one of the techniques that can be used to tackle these clades. We predict that 454 these barcodes will become particularly important for setting up mobile laboratories that canoperate under field conditions, but MinION barcodes can also be generated by highschool 456 students and citizen scientists. 457 458 METHODS 459
Sampling 460
Samples were collected from a single , in the Kibale National Park, 461
close to Kanyawara Biological Station in the evergreen primeval forest at an altitude of 1513 m 462 (00°33'54.2"N 30°21'31.3"E) (Fig. 4) . Kibale National Park is characterized as a fragment of 463 submontane equatorial woodland being home to 216 tree species [33] .
Temperatures in Kibale 464
range from 16°C to 23°C (annual mean daily minimum and maximum, respectively) [34] . As 465 described, the Malaise trap was checked every week when the collecting bottle with the material 466 was replaced by a resident parataxonomist ([35] : Mr. Swaibu Katusabe). The material was 467 thereafter sorted to higher-level taxa. Target Diptera taxa were sorted to family and we here used 468
Phoridae. The sampling was done over several months between 2010 and 2011. For the study 469 carried out here, we only barcoded ca. 30% of the phorid specimens. The flies were stored in 470 ethyl alcohol at -20-25°C until extraction. 471
DNA extraction 472
DNA was extracted using 10 ul of QuickExtract in a 96 well plate format and the whole fly was 473 used to extract DNA. The solution with the fly was incubated at 65°C for 15 min followed by 98°C 474 for 2 min. No homogenization was carried to ensure that intact specimen was available for 475 morphological examination. 
Polymerase Chain Reactions (PCRs) 480
Each plate with 96 QuickExtract extracts (95 specimens and 1 control, with exception of one plate 481 with no negative and one partial plate) was subjected to PCR in order to amplify the 658 bp 482 fragment of COI using LCO1490 5' GGTCAACAAATCATAAAGATATTGG 3' and HCO2198 5' 483 TAAACTTCAGGGTGACCAAAAAATCA 3'. Each PCR product was amplified using primers that 484 included a 13 bp tag. For this study, 96 thirteen-bp tags were newly generated in order to allow 485 for upscaling of barcoding; these tags allow for multiplexing >9200 products in a single flowcell of 486
MinION through unique tag combinations (96x96 combinations). To obtain these 96 tags, we first 487 generated one thousand tags that differed by at least 6 bp using with BarcodeGenerator 488 (http://comailab.genomecenter.ucdavis.edu/index.php/Barcode_generator) [36] However, tag 489 distances of >6 bp are not sufficient because they do not take into account MinION's propensity 490 for generating homopolymer and other indel errors. We thus excluded tags with homopolymeric 491 stretches that were >2 bp long. We next used a custom script that identified tags that differed from 492 each other by indel errors and eliminated tags recursively to ensure that the final sets of tags 493 differed from each other by >=3bp errors of any type (any combination of 494 insertions/deletions/substitutions). This corresponded with our bioinformatic strategy of using 495 <=2bp mismatch in tag identification. Lastly, we excluded tags that ended with "GG" because 496 LCO1490 starts with this motif. The PCR conditions were as follows, reaction mix: 10 µl Mastermix 497 from CWBio, 0.16 µl of 25mM MgCl 2 , 2 µl of 1 mg/ml BSA, 1 µl each of 10 µM primers, and 1ul of 498 DNA. The PCR conditions were 5 min initial denaturation at 94°C followed by 35 cycles of 499 denaturation at 94°C (30sec), 45°C (1 min), 72°C (1 min), followed by final extension of 72°C 500 (5min). For each plate, a subset of 7-12 products were run on a 2% agarose gel to ensure that 501 PCRs were successful. Of the 96 plates studied, 4 plates were excluded from further analyses as 502 they had <50% amplification success and one plate was duplicated across the two runs by 503 accident. 504 505 II.
MinION sequencing 506
The most cost-effective strategy for nanopore sequencing was optimized during the study. For 507 the initial experiment (set 1) we sequenced amplicons for 4275 phorid flies. The flowcell was used 508 for 48 hours and yielded barcodes for ~3200 products, but we noticed lack of data for products 509 for which amplification bands could be observed on the agarose gel. We thus re-pooled all 510 products with a sequencing depth <50X (2119 specimens), prepared a new library and sequenced 511 them on a new flowcell. The experiment was successful. However, in order reduce sequencing 512 cost, we pursued a different strategy for the second set of specimens. This set consisted of pooled 513 amplicons for 4519 flies, but here we stopped the sequencing on the flowcell after 24 hours. The 514 flowcell was then washed using ONT's flowcell wash kit and prepared for reuse. The results from 515 the first 24 hours of sequencing were used to identify amplicons with weak coverage. They were 516 re-pooled, a second library was prepared, and sequenced on the pre-used and washed flowcell. 517 518 Amplicon pooling strategy: For set 1, all plates were grouped by amplicon strength as judged by 519 the intensity of products on agarose gels (5 strong pools +2 weak pools). For set 2, each plate 520 was pooled, quantified, and cleaned using either 1X Ampure beads or 1.1X Sera-Mag beads in 521 PEG. For the re-sequencing of weak or "problematic" products (see below), we identified the latter 522 based on the results of the initial sequencing run. We located (1) specimens <=10X coverage (set 523 1: 1054, set 2: 1054) and (2) samples with coverage between 10X and 50X (set 1: 1118, set 2: 524 1065). Lastly, we also created a (3) third pool of specimens with problematic products that were 525 defined as those that were found to be of low accuracy during comparisons with Illumina barcodes 526 and those that had high levels of ambiguous bases (>1% ambiguous bases during preliminary 527 barcode calling). Very few amplicons belonged to this category (set 1: 68, set 2: 92) and it is thus 528 not included in the flowchart in Figure 1 . In order to efficiently re-pool hundreds of specimens 529 across plates we wrote a script that generates visual maps of the all microplates that illustrate 530 where the weak products are found. August 2018 -January 2019. Fast5 files generated were uploaded onto a computer server and 540 base-calling was carried out using Guppy 2.3.5+53a111f. No quality filtering criteria were used. 541
Our initial work with Albacore suggested that quality filtering improved demultiplexing rate but 542 overall more reads could be demultiplexed without the filtering criterion. 543
544
III. Data analyses for MinION barcoding 545
We analysed the data using miniBarcoder [13] , which was improved in several ways for the 546 present study. Overall, the pipeline starts with a primer search with glsearch36, then flanking 547 nucleotide sequences are identified, and reads are demultiplexed based on tags. For the latter, 548 an error of up to 2 bp errors are allowed. The demultiplexed reads are aligned using MAFFT v7 549 (--op 0) (here v7) [37] . In order to improve speed, we used only a random subset of 100 reads 550 from each demultiplexed file for alignment. Based on these alignments, a majority rule consensus 551 is called to obtain what we call "MAFFT barcodes". A second preliminary barcode is generated 552 by mapping all reads back to the MAFFT barcode using Graphmap (here v0.5.2) [38] and calling 553 the consensus using Racon (here, v1.3.1) [39] . This yields what we call "RACON barcodes". Both 554
MAFFT and RACON barcodes are subject to further correction based on publicly available 555 barcodes in GenBank. These corrections are advisable in order to fix remaining indel errors. The 556 correction takes advantage of the fact that COI sequences are translatable; i.e., an amino-acidbased error correction pipeline can be used (details can be found in Srivathsan et al. (2018) . 558
Applying this pipeline to MAFFT and RACON barcodes respectively yields MAFFT+AA and 559 RACON+AA barcodes. Lastly, these barcodes can be consolidated by comparing them to yield 560 "consolidated barcodes". 561
562
The version of the pipeline in Srivathsan et al. [13] was modified as follows: 563 564 a. Tackling 1D reads for massively multiplexed data: The large number of simultaneously 565 barcoded specimens presented many challenges related to varying coverage and quality. We 566 hence sought to develop ways to account for increased error rates of 1D sequencing and develop 567 objective ways for quality assessments based on the MinION data and publically available data 568 (2018) we accepted MAFFT+AA barcodes in cases of conflict, but for the 1D data we found that 573 MAFFT+AA barcodes had more ambiguities than RACON+AA barcodes which could be resolved 574 via calculating a strict consensus. We also introduced a criterion for identifying "problematic" 575 barcodes based on observing too many differences between MAFFT+AA and RACON+AA 576 barcodes; i.e., if indels are found in the alignment of MAFFT+AA and RACON+AA barcode during 577 consolidation, the barcode is rejected. This criterion is based on the fact that +AA barcodes should 578 be indel-free. Either the MAFFT+AA or the RACON+AA barcode is likely to be incorrect, but there 579 is no objective way to identify the correct sequence. (3) We assessed how different window sizes 580 can impact the amino-acid correction pipeline by varying the "namino" parameter (number of AA 581 to be inspected in each side of an indel). 582 * one plate was accidentally sequenced in both runs, wherever duplicates were present, second run was selected. 
